Purpose To review the literature on different classifications of T2-weighted (T2W) increased signal intensity (ISI) on preoperative magnetic resonance (MR) images of patients with cervical spondylotic myelopathy (CSM). Methods The authors searched the databases of PubMed and Cochrane for studies that used a categorization of T2W ISI to predict the functional outcome after decompressive surgery for CSM. Selected studies were analyzed for the type of ISI classification used, patient selection, methodology and results. The level of evidence provided by each study was determined. Results Twenty-two studies fulfilled our search criteria. There were 11 prospective studies and a total of 1,508 patients were studied. The majority of studies classified ISI based on either the longitudinal extent (12 studies) or the qualitative features of the ISI (10 studies). Three studies used both parameters to classify T2W ISI. Other classifications were based on the position of ISI (1 study), presence of snake-eye appearance on axial MR images (1 study) and signal intensity ratio (SIR) (1 study). Poorer functional outcomes correlated with sharp, intense ISI (6 studies) and multisegmental ISI (5 studies) (Class II evidence). Five of ten studies reported that the regression of ISI postoperatively was associated with better neurological outcomes (Class II evidence).
Introduction
Magnetic resonance imaging (MRI) of the cervical spine is essential for the preoperative evaluation of patients with cervical spondylotic myelopathy (CSM) [1] . Previous authors have found T2-weighted (T2W) increased signal intensities (ISI) within the cervical cord in 41-97.2 % of patients with CSM [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The prognostic significance of these radiological findings has been debated in a number of articles with conflicting results [6, 7, 11, 12, [14] [15] [16] .
Presently, there is more emphasis on classifying these MR changes, since the type of ISI appears to be more important in determining patient outcome than merely its presence or absence. A variety of classifications have been used to categorize T2W ISI on preoperative MR images (Table 1) . However, the predictive value of different types of ISI in patients with CSM is still unclear and there is no consensus yet on the best classification or the most important type of ISI for prognostication.
In this review, we summarized the available literature on the different classifications of ISI used in patients with CSM.
We analyzed the data and graded the evidence from different studies to identify which types of ISI have been shown to predict functional outcome after decompressive surgery.
Methods
We searched the databases of PubMed and Cochrane for articles published (electronically or in print) until October 2011 with the following keywords-'magnetic resonance imaging and cervical spondylotic myelopathy' (283 results) and 'magnetic resonance imaging and cervical spine surgery' (3,030 results). All English language articles, which used a classification of T2W ISI in CSM patients to predict outcome after decompressive surgery, were selected for review. If additional references were found within selected articles, these were also reviewed.
Case series that included patients with ossified posterior longitudinal ligament (OPLL) were also reviewed, provided the majority of the patients in the series had CSM. We excluded descriptive articles and case reports that did not analyze the effect of the type of ISI on functional outcome. We also excluded studies that focused on a combination of T1W and T2W intramedullary changes only and did not classify the T2W changes.
Guidelines to grade the evidence in therapeutic trials have limited application when applied to prognostic studies [17, 18] . In 2003, the Journal of Bone and Joint Surgery Am adopted a system to grade the level of evidence based on a modification of Sackett's grading system [19] . This system has been used in a number of spine-related reviews [20] [21] [22] [23] and can grade different types of studies [24] . In the present review, we used the criteria for prognostic studies to grade the level of evidence (Table 2) . 
Results
Twenty-two articles fulfilled our search criteria (Table 3) Types of studies Of the 22 articles reviewed, 11 were prospective studies (Table 3) . Of the retrospective reports, one report also described 17 patients who were assessed prospectively [25] . The mean (±SE) follow-up duration in 18 studies was 27.8 ± 4.6 months. One study only provided a range of follow-up duration of 6 months to 2 years [26] , another reported the median follow-up as 34 months [27] , while two other studies [28, 29] did not provide the follow-up interval. There was no difference in the mean follow-up intervals between prospective (n = 10) and retrospective studies (n = 8) (28.4 vs. 27.2 months, P = 0.90).
Patient population
Demographic features of patients studied in the selected articles are shown in Table 3 . A total of 1,508 patients were studied in the 22 reports reviewed. In all studies, the majority of the patients were males (n = 1,100, 72.9 %). The mean age based on 20 studies where the mean age was provided was 57.4 ± 1.0 years.
Type of T2W ISI classification
Two major classifications were used to evaluate the effect of T2W ISI on outcome in patients with CSM (Table 4) .
Longitudinal extent of ISI
The first type of classification assessed the longitudinal extent of the T2W ISI. The most frequently used system classified MR changes as absent, focal (1 segment) and multisegmental (C2 segments) (Fig. 1) . Some authors defined a 'segment' as a vertebral level at which the spinal cord was compressed [3, 25, 26, 30, 31] , while others defined it as a single disc space [2, 32] . In 12 reports that classified the size of ISI, the prevalence of focal ISI ranged from 14.0 to 61.7 %, while multisegmental ISI was seen in 8.7-45.7 % of all patients. In all but two reports [32, 33] , the prevalence of multisegmental ISI was lower than that of focal ISI. However, the classification (L3, refer Table 1 ) used by Yagi et al. [32] did not specify what type of T2W ISI was seen in patients with T1W hypointensity and so the actual prevalence of focal or multisegmental ISI was unclear.
Qualitative classification of ISI
The second major type of classification was based on a qualitative description of the T2W ISI on sagittal MR images of the cervical spine ( Table 1 ). The qualitative classification of T2W ISI involved an assessment of the intensity of ISI, marginal pattern or both. The most popular classification, which was first described by Chen et al. [5] , was used in six reports (Fig. 2) [2, 5, 10, 13, 34, 35] . In these studies, the proportion of patients with type I (faint, fuzzy) ISI ranged from 35.7 to 52.8 %, while the prevalence of type 2 (intense, sharp) ISI ranged from 32.0 to 60.0 %.
Combination of extent and quality of ISI Three studies evaluated MR changes using classifications of both the intensity and longitudinal extent of T2W ISI in the same group of patients [2, 9, 33] .
Blinded/non-blinded assessment T2W ISI changes were evaluated by two assessors in 11 studies [2, 3, 5, 9, 10, 13, 26, 27, 30, 35, 36] . In six of these reports, the assessors were blinded to the clinical outcome [3, 5, 9, 13, 30, 36] . In one report, only one assessor was blinded, and in four other reports [26] , assessor blinding was not specified [2, 10, 27, 35] . The interobserver agreement (j value) for assessment of the longitudinal extent of ISI ranged from 0.77 to 0.98 [2, 30] , while the j value for qualitative assessment of T2W ISI was 0.8-0.82 [2, 5, 10, 35] . In the study by Chen et al. [5] although the figures in the report suggested that posterior decompression was performed, the exact surgical procedure was not specified
Type of surgery
The majority of studies evaluated surgical outcome following both anterior and posterior decompressive procedures (Table 3) . In seven reports, only posterior decompression was performed, such as laminoplasty [3, 32, 33] , laminectomy [2] and expansive laminoplasty [10, 35, 37] . In five studies, only patients who had undergone [26] b In the study by Chen et al. [5] , ANCOVA was used to identify the independent predictive value of ISI. All other studies used the multiple regression analyses anterior cervical surgery such as anterior cervical discectomy and fusion (ACDF) [9, 34] , corpectomy [13] or a combination [4, 29] of the two were studied. In nine reports, patients underwent anterior or posterior decompression or combined approaches [8, 25-28, 30, 31, 36, 38] ; in one report, although it appears that all patients underwent posterior decompression, the exact surgical procedure performed was not specified [5] .
Outcome variables
The modified Japanese Orthopedic Association score (JOA) [39] was the commonest scale used to record the neurological status, while the JOA recovery rate as calculated by Hirabayashi et al. [40] . was the commonest outcome measure used. Other outcome variables used are shown in Table 3 .
Type of analysis
Regression analysis was performed in nine studies to identify the impact of ISI on surgical outcome. Six of these reports used multiple regression analysis to control for other factors like age, duration of symptoms and preoperative neurological status (Table 3) [3, 13, 25, 34, 36, 38] . One study used ANCOVA (analysis of covariance) to study the effect of ISI on surgical outcome, and controlled only for age and preoperative JOA score [5] . In three reports, linear regression analysis was performed without controlling for other factors [2, 4, 8] . Other studies used parametric and non-parametric tests to compare the functional outcomes based on the type of T2W ISI.
Association of type of ISI and surgical outcome
Five reports concluded that multisegmental T2W ISI was associated with worse functional outcomes. In six studies that used the qualitative classification (Q1-3) of T2W ISI, the sharp, intense, well-circumscribed ISI was associated with poorer functional status at follow-up. Other individual reports showed that snake-eye appearance on axial T2W MR images [29] , ISI in gray and white matter [27] as well as increased SIR [38] correlated with inferior surgical outcomes. In three studies [9, 28, 32] , only patients without T2W ISI or with postoperative regression of ISI had better results. In five other studies, functional outcomes were not associated with any type of T2W ISI [2, 3, 30, 31, 35] .
Postoperative imaging
In ten reports, the authors looked at the evolution of T2W ISI after surgery by studying both pre-and postoperative MR images. Postoperative MR imaging was done at mean intervals ranging from 3 to 60.6 months in ten studies [2, 5, 9, 25, 26, 29, 32, [35] [36] [37] . In six reports, the majority of patients (74.4-84 %) had no alteration in the grade/type of T2W ISI postoperatively [2, 5, 9, [35] [36] [37] . Postoperatively, regression of T2W ISI was seen in 11.5-51.4 % of cases [2, 5, 9, 25, 26, 28, 35, 36] , while worsening of ISI was seen in 5.7-34 % of patients [2, 28, 32, 35, 36] .
Levels of evidence
Twenty studies were graded Class II, one study provided Class I evidence and another was graded Class IV. The majority of studies did not evaluate patients at a uniform time in their disease (17 studies) and did not account for confounding variables in their statistical analyses (15 studies).
Discussion
Longitudinal extent of ISI Wada et al. [31] provided one of the earliest classifications of the longitudinal extent of ISI: focal (restricted to the compressed level) and linear (extending beyond the compressed level, multisegmental). In a subsequent study [3] , the authors found that although patients with multisegmental ISI had significantly poorer outcomes compared to those with focal ISI, ISI was not a predictor of surgical outcome when analyzed using a multiple regression analysis. Five of 12 reports that studied the significance of T2W ISI size found multisegmental ISI to be associated with significantly poorer surgical outcomes [4, 8, 25, 26, 33] . Additionally, Ahn et al. [33] demonstrated that the number of segments showing ISI correlated inversely with the recovery rate. All reports studying this type of ISI were scored Class II. It has been shown that patients with multisegmental ISI have longer duration of symptoms [8] , more severely compressed cords [8, 26] as well as poorer preoperative functional status [26, 30] . These findings seem to indicate that multisegmental ISI represents an advanced pathological process that should translate into poorer surgical outcomes. However, it is possible that in some cases the longitudinal extension of ISI represents a reversible pathology such as edema. As a result, the association between surgical outcome and ISI size has not been conclusively proven and more robust studies are required to confirm this relationship.
Qualitative type of ISI Mehalic et al. [28] . described one of the earliest qualitative classifications of T2W ISI using five grades (Grade 0-4) based on signal intensity (Q4, refer Table 1 ). Although the authors asserted that repeated evaluations of MR images resulted in a similar grading, the subjective nature of the classification meant that it was used in only one other study [9] .
In 2001, Chen et al. [5] provided a simpler classification of T2W ISI based on intensity and border pattern (Q3, refer Table 1 ), which had high interobserver agreement (k = 0.81). This classification is the most popular qualitative ISI grading system and has been used in six studies to date. The classifications used by Ahn et al. [33] . and Arvin et al. [36] . (Q1, Q2 refer Table 1 ) were similar to that described by Chen et al. [5] . Of the six studies that used the classification described by Chen et al. [5] , four found that the sharp, intense ISI correlated with worse outcomes [5, 10, 13, 34] . In three of these studies [5, 13, 34] , the authors used multivariate analysis to identify the independent predictive value of sharp ISI on surgical outcome. In the study by Yukawa et al. [10] , patients with intense ISI were older and had longer duration of illness. Moreover, the authors did not use multilevel regression analysis to derive their results, thereby raising the question of whether the type of ISI affected the outcome independent of age and duration of illness. Among the studies with negative results, Avadhani et al. [2] . found that no type of T2W ISI (sharp or multisegmental) was predictive of outcome, while Yukawa et al. [35] studying only postoperative T2W ISI concluded that the intensity of ISI after surgery did not impact the functional status at the final follow-up. Among these six reports, one study was scored Class I [34] , while the rest were graded Class II [2, 5, 10, 13, 35] .
T2W ISI reflects a wide range of pathological changes in the cord. These changes can range from edema and demyelination to gliosis and microcavitation [29, 41, 42] . Ohshio et al. [42] showed that while high T2W signals reflected severe neural damage in the spinal cord, less intense T2W ISI was associated with milder nerve injury. Additionally, Shin et al. [34] demonstrated that CSM patients with intense T2W ISI had significantly poorer preoperative mJOA scores as compared to those with faint or no T2W ISI. The results of most clinical studies seem to indicate that the sharp, more intense T2W ISI is associated with worse clinical outcomes, thereby suggesting that this type of ISI represents severe neural damage.
Other classifications
Shen et al. [27] used sagittal images of the cervical spine to classify T2W ISI based on its position in the cord (O1, refer Table 1 ) and patients with ISI in both white and gray matter (entire width of the cord) had the worst outcomes at 2 years after surgery. Zhang et al. [38] calculated the signal intensity ratio by dividing the signal intensity at the level of ISI or severely compressed cord (in cases with no ISI) by the signal intensity at the C7-T1 disc level. Intense ISI was associated with higher SIR, and patients with the highest SIR (group 3) were older and had worse preoperative JOA scores. Using multiple linear regression, the authors concluded that a high SIR correlated with poor surgical outcome. In another study, Mizuno et al. [29] found that patients with bilateral foci of ISI (snake-eye appearance, SEA) (Fig. 3) on preoperative axial T2W MRI had poorer surgical outcomes. Although several authors have described SEA within the cord in patients with CSM/OPLL [41, [43] [44] [45] [46] [47] [48] , this type of ISI is uncommon and has only been evaluated in this study.
The above studies do not provide data on blinding or interobserver agreement. It is not possible to confirm the prognostic value of these types of ISI using the results from a single study. However, they provide a novel dimension to the interpretation of T2W ISI and with refinement may provide useful results in future studies.
Postoperative imaging
It has been suggested that tracking changes in T2W ISI after decompressive surgery could predict long-term functional outcome. Mehalic et al. [28] were one of the first to provide evidence for this relationship. Five studies concluded that complete or partial regression of T2W ISI postoperatively was associated with better outcomes, when compared with patients who had no change in ISI after surgery [9, 25, 28, 36, 37] . However, it is clinically more important to assess if the relative change in ISI on postoperative imaging can predict the functional outcome in the future. Only three of ten studies have looked at the functional outcome at a time point after postoperative imaging [9, 32, 36] . Mastronardi et al. [9] performed MR imaging on all patients immediately after surgery and found ISI regression in only four patients. Since these four patients did not show improvement more than the other patients at the final follow-up (mean 40.2 months), the authors concluded that the timing of ISI regression was not a factor in predicting outcome. Yagi et al. [32] demonstrated that the postoperative expansion of ISI at 1 year predicted poorer recovery at the final follow-up (mean 60.6 months) in 71 patients after laminoplasty. The authors also stated that the risk factor for postoperative expansion of ISI was cervical instability. Arvin et al. [36] showed that an improvement in the grade of T2W ISI at 6 months postoperatively predicted better functional status at 1 year after surgery. Overall, there is Class II evidence to suggest that the regression of ISI after surgery is associated with a higher probability of functional recovery.
Additionally, some authors have tried to identify which types of ISI were more likely to regress after surgery. Chen et al. [5] . and Yukawa et al. [35] showed that the faint, fuzzy type of ISI (type 1 ISI, Q3, refer to Table 1 ) was more likely to regress after surgery. In contrast, Avadhani et al. [2] found that diminished MR changes postoperatively were seen predominantly in patients with type 2 ISI (sharp, intense MR change) and multisegmental ISI. In the series by Papadopoulos et al. [26] , all patients who showed regression of ISI after surgery had focal ISI preoperatively. Mastronardi et al. [9] demonstrated that only those patients without associated T1W hypointensity had diminished ISI after surgery. There seems to be no definite conclusion as to which types of ISI are more likely to regress after surgery and this needs to be addressed in future studies.
Statistical analysis and outcomes
Evaluation of the independent predictive value of T2W ISI in patients with CSM/OPLL depends largely on the type of statistical analysis used. A number of factors affect the surgical outcome in these patients including age, duration of symptoms and preoperative neurological status [11, 12, [49] [50] [51] . In six reports, the impact of T2W ISI was assessed using a multivariate analysis with the above variables, thereby reducing the risk of spurious correlations. Three reports focused on the qualitative ISI classification [13, 34, 36] , two reports on the longitudinal extent of ISI [3, 25] and one study used SIR to classify ISI [38] . Among the reports that looked at ISI shape and intensity, all three studies found that focal, sharp ISI predicted poorer postoperative functional status. The results of two studies, which used multivariate analysis, found conflicting results regarding the independent predictive value of the longitudinal extent of T2W ISI [3, 25] . Overall, a multivariate analysis using preoperative clinical variables is essential to independently evaluate the prognostic value of T2W ISI, and future studies should incorporate this statistical method.
Presently, it is difficult to identify which type of ISI classification is best able to predict surgical outcomes in patients with CSM. Previous studies have considerable variability in terms of preoperative variables, surgical procedures, outcome measures, follow-up intervals and statistical analyses. Studies that have used the two major classifications of T2W ISI have provided Class II evidence (Table 4 ). In 2009, Mummaneni et al. [1] published a systematic review on the predictive value of preoperative imaging in patients undergoing cervical surgery (articles from 1966 to 2007 were included) and graded the evidence according to a classification used for studies on therapeutic effectiveness [52] . The authors concluded that multisegmental T2W ISI predicted a poor surgical outcome, while there was conflicting evidence regarding discrete T2W ISI. It was unclear if 'discrete' T2W ISI referred to the qualitative description of ISI or a focal/single segment ISI. The review, however, did not sufficiently analyze the predictive value of the qualitative type of ISI. Subsequently, more studies have looked at ISI qualitatively, and the present review retrieved 14 additional studies, 8 of which used a qualitative classification of ISI.
The results of our review indicate that both multisegmental T2W ISI and 'sharp, intense' T2W ISI are associated with poorer functional outcome after decompressive surgery for CSM (Class II). Although this review focused on T2W ISI, it is possible that other MR findings may add to the predictive value of T2W hyperintensities. There is increasing evidence that T1W intramedullary hypointensities predict the worst clinical outcome in patients with CSM [2, 5, 8, 12, 13] . However, it has been suggested that since T2W ISI is much commoner than T1W changes, T2W ISI is a better candidate for prognostication [8] . Other authors have shown that gadolinium enhancement of the compressed cord is associated with less favorable outcomes [53, 54] . Clinical signs such as clonus and leg spasticity have also been correlated with poor functional status postoperatively [55] . Overall, only few studies have evaluated the prognostic value of a combination of MR findings and clinical signs in CSM patients [55, 56] , and more studies are required to determine if this approach is more reliable than MR changes alone. Additionally, the underlying pathology such as disc protrusion, bony compression or OPLL may impact surgical outcome independently. To better evaluate the prognostic value of T2W ISI, we recommend that future studies use a uniform ISI grading system, a standardized outcome measure and multivariate analyses controlling for other preoperative clinical variables.
Conclusions
Identifying the type of T2W ISI on preoperative MR imaging is gaining importance in terms of predicting surgical outcome in patients with CSM. Methodological variations in previous studies with regard to ISI classifications, surgical procedures, outcome measures, follow-up intervals and statistical analyses meant that it was difficult to compare studies and results. Preoperative MR images that show multisegmental T2W ISI or 'sharp' T2W ISI indicate a poorer prognosis in patients with CSM (Class II evidence). The regression of T2W ISI postoperatively correlates with better functional outcomes (Class II).
